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ABSTRACT

This report presents. data and results obtained from error analysis runs of
the Mission Plan II, fourth apogee (M = L) Gemini rendezvous mission. Analysis of
these data and run results indicates that the following maneuver sequence will be

required for the mission:

Height Adjustment (NH) M= 1.5
Catch-up Rate Adjustment (NCI) M=2,0
Plane Change (NPC) M=22.5
Co-elliptic Maneuver (NSR) M=13,0

A fuel allowance of 380 feet/sec. should be provided in the Spacecraft for midcourse
maneuvers. This allowance includes 240 feet/sec. for the NPC maneuver. The desired
values of in-plane phase angle, height difference, and out-of-plane angle after the
NSR maneuver should be obtained within 0.1 degrees, 1.5 n., mi., and 0.015 degrees,
respectively. The vehicles' apsis lines should be aligned to within /4 degrees follow-
ing the NSR maneuver. Good tracking information is available for determination of
each in-plane maneuver, if voice command stations are used to command the NCI and

NSR maneuvers. AIll plane changes, however, will be determined on the basis of track-
ing informaéion prior to the NCI maneuver and will be performed without updated
tracking information after the NCI maneuver. On the basis of the study results it

does not appear that this will be a serious problem.
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INTRODUCTION

This report presents data and results obtained from analysis of the TRW/ STL
Gemini Closed-Loop Systems Simulation error analysis runs for the Mission Plan II,
fourth apogee (M‘'= L) rendezvous mission. This study was conducted under contract
NAS 9-2938 in accordance with Study 2 of the Gemini Error Analyses Task Assignment
(Reference 1). In the original'Task Assignment, error analyses studies were to
be performed for M = 6, 8, 10, 12, 16, 24 and 30 rendezvous missions. The M = 4
error analysis study had been done previously and the results presented in
Reference 2. The M = J mission was added to this study when it was decided to
include Agena injection errors in the study and utilize a 15 n. mi. height
difference between the Spacecraft and Agena following the NSR maneuver., A

20 n. mi. height difference value was used in the study of Reference 2.

The purpose of the Study 2 mission error analysis studies is to determine
the effects of vehicle injection errors, maneuver execution errors, and track-
ing and command network operations on the mission maneuver sequence, velocity
requirements, and vehicle relative position and velocity following the NSR
maneuver at the M ~ 1 Spacecraft apogee. The Spacecraft and Agena relative
position and velocity data after the NSR maneuver are then used by McDonnell
Aircraft (MAC) and the Mission Planning and Analysis Division (MPAD) of the
Manned Spacecraft Center (MSC) for analysis of the Gemini terminal rendezvous

guidance system for the specific mission being studied.

The results and data presented in this report were obtained from analysis
of a nominal and fifteen noise runs for the M = L rendezvous mission. The
nominal run was made with no error sources simulated, but the velocity incre-
ment required for an orbital maneuver was rounded off to the nearest foot/sec
and the time to initiate the maneuver to the nearest second, The noise runs,
however, included injection errors, orbit determination errors, and maneuver
execution errors for both the Spacecraft and the Agena. All of the latest
modifications (Reference 3) to the Gemini Simulation Orbit Control Logic
(OCL) were included in the runs, so that all maneuvers, including the NSR
maneuver, are realistically simulated.
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. Section 1.0 presents a brief description of the Simulation used for this
study. How the Agena and Spacecraft "run nominal" orbits are selected to
initiate a simulation run, discussion of the maneuvers that can be commanded
by the OCL during a mission simulation run, and a brief discussion of Simulation

output are included in this Section.

Section 2.0 presents the results obtained from analysis of the 16 computer
runs. laneuver sequences, tracking and command problems, midcourse velocity
requirements and similar subjects are discussed in this Section, together with
the presentation of a set of conclusions and recommendations regarding the

mission.

Section 3.0 contains the Tables of Data which have been extracted from
the simulation runs. These tables present a concise compilation of pertinent
mission information contained in the extensive print-outs of the simulation

runse.

Section 4.0 presents the compiled statistical output format (SOPFMT) for

‘ the 15 Closed-Loop runs. These data include the Agena-Spacecraft relative
position and velocity data after the NSR maneuver, which are required for the
terminal rendezvous guidance simulations conducted by McDonnell and MSC/MPAD.

Similar reports will be presented for the M = 6, 8, 10, 12, 16, 24, and

30 rendezvous mission studies when they are completed.
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1.0 DISCUSSION OF SIMULATION

This Section presents a brief discussion and description of the Gemini Closed-
Loop Systems Simulation which was used to obtain the results presented herein., The
Simulation used is basically the same as described in References 2, 4 and 5, but includes
the modifications noted in Reference 3. These modifications, which are primarily
Orbit. Control Logic (OCL) changes, provide the capability to include differential
nodal regression.in plane change (NPC) maneuvers, perform catch-up rate adjustment
maneuvers (NC1 and NCH maneuvers) anticipating a future height adjustment maneuver,
and perform the desired NSE maneuver (making vehicle orbits co-elliptical) at the
M-1 Spacecraft apogee. Therefore, the conditions after the NSR maneuver obtained
from these runs should provide a realistic set of initial conditions for the

McDonnell and M3C terminal rendezvous guidance studies for this mission.

1.1 Run Initialization Procedure

The Agena and Spacecraft injection data used for the M = /, mission simulation
were obtained from MSC (Reference 6). For the nominal run, these data define the
initial orbits of the two vehicles and these orbits remain unchanged except for
vehicle maneuvers and perturbations due to drag and earth oblateness. For the
noise runs, however, the effect of vehicle injection errors are considered and
different "rﬁﬁ nominal" initial orbits are obtained for the two vehicles for each

of the 15 noise runs.

The Agena '"run nominal" orbit is obtained by integrating the nominal specified
injection conditions to 11.0 seconds after the specified time of injection. The
Agena injection covariance matrix is then used to obtain a set of position and
velocity injection errors. These errors are added to the nominal values at tinj
plus 11.0 seconds with the resultant Agena orbit being the "run nominal" orbit.
This orbit. is then integrated throughout the mission and provides the true
position and velocity data for comparison with the orbit fit position and velocity
data. The same procedure is followed with the Spacecraft, except the injection

errors are added at 380 seconds after Spacecraft liftoff.

1.2 Determination and Performance of Required Maneuvers

In the Gemini Simulation, the OCL Decision Sequencer (DS) schedules required
maneuvers and the Guidance Decision and Command Computations (GD & CC) determine
whether or not a scheduled maneuver should be performed. For Closed-Loop runs,
the OCL maneuver decisions are based on vehicle state vectors obtained from the
orbit determination performed for each vehicle and the logic constants specified
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in the OCL. In this manner the OCL makes maneuver decisions on the basis of
what it thinks the vehicle orbits are, and not on the vehicles' true orbits,

Ahen a maneuver is required, a powered flight iteration is performed to
derive command values of time to initiate the burn, velocity-to-be-gained, and
vehicle attitudes and attitude ratesat initiation of the burn. This iteration
is performed using the orbit fit position and velocity data with no vehicle
maneuver execution errors. The actual maneuver for the mission simulation
run is then executed uéing the true position and velocity of the vehicle with
execution errors added to the derived command parameters specifying the
maneuver. Execution errors are also added to the vehicle weight, thrust, and
weight flow rate for each maneuver. When all required maneuvers have been
performed, the vehicle orbits are integrated to the M Spacecraft apogee number

and the simulation is ended.

1.3 Allowable Maneuvers

For the M = | rendezvous mission, the OCL constants have been selected
so that only 10 of the possible 21 maneuvers available to the OCL can be
performed. These maneuvers are defined within the OCL by Operation Numbers
and each maneuver performed during a simulation run is identified by an OP-No.
in the run print-out. The maneuvers allowed for the M = J mission study are
op-8, 9, 10, 11, 12, 13, 14, 16, 17 and 21. These numbers are used in the
data tables of Section 3.0 extensively to identify the maneuver sequences for
each run, AV required for each maneuver for a run, and other pertinent mission
information. The correlation between OP-No. and type of maneuver is presented
below. The MSC/MPAD nomenclature for identifying types of Gemini maneuvers

is used where applicable.

OP-No. Function MSC/MPAD Designation
8 Reise Spacecraft apogee to
acceptable value —_—
9 Agena plane change NPC
10 Catch-up rate adjustment
(raise perigee) NC1
11 Agena orbit correction,
perigee too low —_—
12 Agena orbit correction,
apogee too high —
13 Spacecraft plane change NPC -

CONFIDENTAL-

This decument contains information affecting the national defense of the United States within the ing of the Espi ge Laws, Title
18, U.S.C., Section 793 and 794, the transmission or revelation of which in any manner to an unhauthorized person is prohibited by law.




R L

-em 1L,160~6067-RCO00

Page 5

14 Spacecraft apogee radius

adjustment (height matching

maneuver) NH
16 Catch-up rate adjustment

(raise perigee) , NC1
17 Catch—up rate adjustment

' (raise perigee) NC1

21 © Make orbits co-elliptic NSR

In the plane change maneuvers, OP=9 or OP-13, differential nodal regression
effects are included. For the catch-up rate adjustment maneuvers, OP-10,
OP-16 or OP-17, the catch-up rate is altered to obtain a specified phase
ancle at the M-l Spacecraft apogee. In order for OP-8, OP-11, or OP-12 to
be performed, gross vehicle orbit errors would be required either due to

injection errors or orbit determination errors.

For most of the maneuver sequences for the M = / mission, the Operations
performed will be selected from OP-10, OP-13, OP-14, OP-16 and OP-21.

1.4 Simulation Output

The output for a single simulation run consists of hundreds of pages of print
of vehicle parameters defining the mission sequence of events in detail. Of
primary concern for this study are the effects of vehicle injection errors, track-
ing and orbit determination errors, and maneuver execution errors on the mission
maneuver sequence and conditions at the M-1 Spacecraft apogee after the NSR
maneuver has been completed, since these conditions will be used in terminal
rendezvous guidance studies to be performed by McDonnell and MSC/MPAD, Therefore,
data considered to be pertinent to this type of analysis has been extracted from
the print-outs of the simulation runs and compiled in the data tables presented

L. QMDD T

in Section 3.0. In addition, the complete SOPFMT output is presented in Section 4.0.
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2,0 ANALYSIS RESULTS

This Section presents the results obtained from an analysis of the nominal
and 15 noisy mission simulation runs obtained for the M = L rendezvous mission.

Four primary mission areas were considered in the analysis:

(1) Mission maneuver sequence and effects of injection errors on the sequence;
(2) NSR maneuver conditions at third Spacecraft apogee;
(3) Maneuver velocity requirements and execution errors;

(4) Tracking and command network capabilities and constraints.

A brief review of the nominal mission plan, Reference 7, is presented prior to
presentation of the analysis results. Conclusions and recommendations regarding

the M = 4 mission are presented after the analysis results.

2.1 Nominal Migsion Plan for M = 4

The nominal mission plan for the M = L rendezvous mission is presented in
detail in Reference 7 . Briefly, the Agena is launched into a 161 n. mi. circular
orbit at an inclination of 28,87 degrees. Approximately 95 minutes later, the
Spacecraft is_launched into an 87-146 n. mi. elliptic orbit with the injection
phase angle being 16.57 degrees and the catch-up rate 6.6l degrees per Spacecraft
orbit. The inclination of the Spacecraft orbit is 28.87 degrees and the ascending
node is located such that the differential nodal regression will make the orbit

planes co-planar at rendezvous. The nominal midcourse maneuver sequence is:

(1) A Spacecraft period adjustment (NCI) at the second Spacecraft apogee
reducing the catch-up rate to obtain a 1.9 degree phase angle at third
Spacecraft apogee.

(2) A Spacecraft co-elliptic maneuver (NSR) at third Spacecraft apogee
aligning the vehicle apsis lines with Spacecraft apogee and perigee

respectively 15 n.mi. below the Agena apogee and perigee.

Final rendezvous is then accomplished approximately one orbit later (M = L)

using the on-board terminal rendezvous guidance system.

Provision is made in the nominal midcourse maneuver sequence for performing
a height adjustment maneuver (NH) at the perigee following first Spacecraft
apogee (M = 1.5) and a plane change maneuver (NPC) at the node closer to the

Spacecraft perigee after second Spacecraft apogee, if these maneuvers are required.

This document contains information affecting the national defense of the United States within the meaning of the Espionoge Laws, Title
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2.1.1 Implementation of M = agﬂgpeﬁver Sequence in the Gemini Simulation

The capability of performing the above described M = 4 nominal mission
maneuver sequence and any possible combinations of non-nominal maneuver sequences
was implemented in the Gemini Simulation by proper selection of the OCL constants.
These constants were selected such that an NCI maneuver (OP-10, 16, or 17) was
always performed at M = 2 and the NSR maneuver (OP-21) always performed at M = 3.
The following constants were used to control scheduling of the NH maneuver (oP=14)
and the NPC maneuver (OP-13 or OP-9).

(1) If the height difference between Spacecraft apogee and the Agena radius
over the Spacecraft apogee (AH) was not within 3,000 feet of the nominal
15 n.mi, difference at the time of first Spacecraft apogee, an NH maneuver
was performed at M = 1.5,

(2) If the out-of-plane angle at rendezvous (5t) was less than 0.05 degrees,
no NPC maneuver was performed, For 0,05 < 6t <€ 0,55 degrees, the Spacecraft
was used for the NPC maneuver at the specified time. For 6t > 0.55 degrees,
the Agena was used for the YPC maneuver.

(3) An NH maneuver could also be performed at } = 2.5 if no NPC maneuver was
required and if AH was not within 6,000 feet of the nominal 15 n. mi.
difference at M = 2. This maneuver was not obtained in any of the

simulation runs.

It should be remembered that the Gemini Simulation runs do not include any terminal
rendezvous maneuvers and the simulation run is terminated one Spacecraft mean period

following the !N3R maneuver.

2.2 Mission Maneuver Seguence

The primary parameters which determined the maneuver sequences for the nominal
and 15 noise mission simulation runs of this study were the Agena and Spacecraft
injection errors and the OCL constants controlling the NH and NPC maneuvers. One
other major factor was also key in determining the maneuver sequence; the nominal
Spacecraft injection conditions used in each of the 15 noise runs were the same
(prior to addition of the injection errors). Thus, the Spacecraft injection
conditions were not re-targeted to the actual Agena orbit for each run and the
full effects of the Agena injection errors werec propagated to the midcourse
maneuvers. If the Spacecraft injection conditions had been re-targeted, the NH

and NPC maneuver requirements in particular would have been reduced.
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2.2.1 Vehicle Injection Errors

Tables 9.0 and 10.0 of Section 3.0 present the Agena and Spacecraft nominal
and noisy injection conditions used in the simulation runs for this study. Table
11.0 of Section 3.0 presents a number of relative orbital parameters after noise
has been added to the Spacecraft injection conditions. Table 1.0 lists the.maximum,
minimum, and nominal vélues of AH, 6t’ phase angle (GR) and catch-up rate (GR)
obtained from the simulation runs after injection errors had been added to the
Spacecraft. These parameters are presented sincé they define, together with the
allowable mission time and desired values of these parameters at the NSR maneuver

time, the maneuvers which will be required during the mission.

TABLE 1.0 Range of Selected Relative Parameters at Spacecraft Injection

AH (ft) 8, (deg) o (deg) - (deg/ S/C orbit)
Minimum 28,921 0.030 16.225 5.653
Nominal 91,145 0.017 16.56 6.629
Maximum 135,201 0.558 16.82 7.110

2.2,2 Mission_ Seguence Summary

The maneuver sequences used for the nominal and 15 noise runs are presented
in Section 3.0, Table 12,0 . A summary of the number of simulation runs using
the same maneuver sequence is presented below in Table 2.0.

TABLE 2.0 Summary of Mission Maneuver Sequences

No. of Runs Using

Sequence ‘ MYaneuver Sequence

= 1.5 M=2,0 M= 2,5 M= 3.0

(NH) (NC1) (NPC) (NSR)

11 1L 10 13 21

2 - 10 13 21

1 14 16 - 21

1 14 10 9 21

Nominal - 16 - 21
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As can be seen from Table 2.0, 13 of the noise runs required a Spacecraft apogee
height adjustment maneuver .(NH) at M= 1.,5. This maneuver is to be expected on
the basis of Spacecraft velocity injection errors alone (Reference 8 ) and the
3,000 ft. allowable AH error used in the simulation. Similarly, a plane change
maneuver by the Spacecraft (NPC) is also to be expected due to the 0.05 degree
tolerance limit end expected Spacecraft out-of-plane position and azimuth errors
at injection. The run requiring an Agena plane change was somewhat surprising,
but not totally unexpected when consideration is given to Agena azimuth injection

errors (Reference 9 ) and no re-targeting of the Spacecraft injection conditions.

2.3 NSR Maneuver Conditions

The primary objective of all midcourse maneuvers, including the NSR maneuver,
is to obtain the following desired conditions at completion of the NSR maneuver:

(1) Phase angle of 1.9 degrees;

(2) Coincident vehicle apsis lines with the Spacecraft apogee and perigee
15 n., mi. below the Agena apogee and perigee altitudes;

(3) The Spacecraft orbit plane regressing into the Agena orbit plane such
that the wedge angle is zero at fourth Spacecraft apogee.

Table 16.0 of Section 3.0 presents values of the above parameters, except
out-~of-plane angle, for the nominal and 15 noise runs. The values of out—of-plane
angle after the NSR maneuver are listed in the SOPFMT, Section 4.0. Table 3.0
below lists the maximum, minimum, and nominal values obtained from the simulation

runs for the following parameters:

GP - Spacecraft pitch angle used for the NSR maneuver referenced from
local horizontal at burn initiation, downward is positive (degrees)
o, ~ Phase angle following NSR (degrees)

BR - Catch-up rate per Spacecraft orbit following NSR maneuver (degrees
per Spacecraft orbit)

Ah - Height difference between Agena apogee altitude and Spacecraft
apogee altitude (n. mi.)

Ah ~ Height difference between Agena perigee altitude and Spacecraft perigee
altitude (n., mi.)

) - Angle between the Spacecraft and Agena apsis lines (degrees)
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TABLZ 3.0 Orbital Parameters After NSR Maneuver
® R ®r &h, tb., A
Minimum -33.8 1.81 2.10 14,0 14.2 0.98
Nominal Le3 1.89 2.31 15.5 15.5 3,88

Maximum 55.9 1.90 2.49 16.7 16.7 8.30

The maximum values of Aha, Abp, and the minimum value of BR were all obtained
from the run which required the Agena plane change. The in-plane velocity error
obtained while performing the plane change altered the Agena period and radius
over Spacecraft apogee sufficiently to cause the resulting values of Aha, Abp,
and GR. It should be remembered that the plane change is performed between i1 = 2
and M = 3, after the last catch-up rate adjustment and after any height adjust-
ment maneuver. Therefore, any in-plane errors obtained from the NPC maneuver
cannot be corrected prior to the N3R maneuver. For the runs where the Spacecraft
o were 15.8 and 15,9

n. mi. respectively, and the minimum phase angle 1.822 degrees.

performed the NPC maneuver, the maximum values of Aha and Ah

The pitch angle used for the NSR maneuver will be primarily dependent on
the change in Spacecraft flight path angle required to make the orbits co-elliptic.
The required change in flight path angle is dependent on the ellipticity of the
Agena orbit and of the Spacecraft orbit prior. to the NSR maneuver. From Table
3.0 it can be seen that a large range of pitch angles was obtained from the 15
runs, the range being from 55.9 degrees pitch down to 33.8 degrees pitch up.

The average required pitch angle was 22.0 degrees down.

The accuracy to which the vehicles' line of apsides can be aligned has
been found to be a function of the required pitch angle magnitude. In general,
better apsides alignment is obtained with larger required pitch angles, with
the alignment capability decreasing for required pitch angles less than 5.0
degrees. The maximum value of Aw presented in Table 3.0 was obtained using a
pitch angle of 2.55 degrees, which included a -0.6 degree pitch angle error.
All other noise runs required pitch angles of + 10 degrees or more, and the

resulting values of Aw were all less than 4 degrees.
2.3.1 SOPFMT Results

The Statistical Output Format (SOPFMT) program results presented in Section
4.0 include detailed vehicle relative co-ordinate information immediately after
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the NSR maneuver. The mean up, downrange, and crossrange distances, computed
in a Differential Cylindrical Co-ordinate System, after the NSR maneuver and

the sample standard deviation are presented below:

Up - 92,156 feet (3082 ft)
Down ~ 715,060 feet (9,908 ft)
Cross - 1,042 feet (2,178 ft)

These values indicate that for the M = /, rendezvous mission, the desired 15 n. mi.
height difference should be obtained within + 1.5 n. mi. and the out-of-plane
distance should not exceed approximately 1 n. mi. after the NSR maneuver. A

variation of up to 5 n. mi, in relative downrange position is to be expected.

2.l Maneuver Velocity Requirements and Ixecution Errors

2.L.1 Velocity Reguirements

The missicn midcourse maneuver velocity requirements are primarily dependent

ined at injection of the Spacecraft. Thus,

]
¢
kel
[}
w
fw}

on the relative wvehic
Agena and Spacecraft injection errors will have a strong effect on maneuver
velocity requirements, especially since the Spacecraft injection conditions were
not re-targeted to the perturbed Agena orbit. The primary effect of these errors,
as noted previously, will be in the velocity required for NH and NPC maneuvers.
The combined velocity requirements for the HCI and NSR maneuvers will not be
seriously affected by injection errors, with additional wvelocity requirements
being dependent on the amount of radial velocity required in the NSR maneuver

to rotate the Spacecraft line of apsides.

Table 15,0 of Section 3.0 presents the values of velocity increments used
for each maneuver for the nominal and 15 noise runs. Table 4.0 presents the
maximum, minimum, and nominal values of velocity increments required for each
of the possible midcourse maneuvers in the M = 4 mission sequence. The total
velocity requirements are based on individual rur iesults and are not the sums

of the maximum and minimum values.
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. TABLE 4.0 Summary of Midcourse Maneuver Velocity Requirements
Maneuver Maximum Nominal Minimum
IH 17.81 —— 1.84
NCI . 73.05 49.0 11.31
NPC . 188,92 —— 27.32

(24,8.55 Agena)

NSR 93.95 56.0 42,89
TOTAL 311.84 105.0 108,04

It should be noted that the maximum AH maneuver AV requirement and the minimum
NCI maneuver AV requirement occurred on the same run. For this run, the Spacecraft
apogee was high, thus causing a low catch-up rate. If the NH maneuver had been
delayed until M = 2,5, the Spacecraft could not have caught up to the 1.9 degree
apogee phase angle at M = 3.0, This run points out the necessity for performing
the NH maneuver as soon as possible after Spacecraft injection, especially for
short duration missicns.

The large range in NPC maneuver AV requirements is primarily due to Agena
azimuth injection dispersions and not re-targeting the Spacecraft injection
conditions. The NH maneuver AV requirements are due to a combination of

Spacecraft injection velocity dispersions and Agena injection dispersions.
2.4.2 Maneuver Execution Times

Table 5,0 presents the variation in maneuver execution times obtained from
the 15 noise runs. The exact maneuver times for each run are presented in
Table 19.0 of Section 3.0, together with the attitude angle and rate errors used
for each maneuver.

TABLE 5.0 Maneuver Execution Times

Maneuver Min, Time (sec) Max. Time (sec) At (sec)

NH 114622.9 11831.3 208.,

NCI lh260.3 14480.7 220.4

NPC 15865,0 177248 1859.8

. NSR 19533.0 198,8.2 315.2

Time is referenced from Agena liftoff.
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Since the NH and NCI maneuvers are performed at Spacecraft apsis points,
and are the first maneuvers performed, their execution time will be strongly
dependent on the injection true ancmaly of the Spacecraft. For the minimum
time run the true anomaly at injection was 8.99 degrees and for the maximum
time run it was 354.50 degrees. The time required by the Spacecraft to move
through this range of true anomalies is 217 seconds, approximately the time
difference noted for the NH and NCI maneuvers in Table 5.0.

Although the NSR maneuver is also performed at an apsis point, the time
difference will not only include the injection true anomaly effects but also
the differences in magnitudes of the NH, NCI, and NPC maneuvers. The primary

effect, however, is still the injection true anomaly difference.

The NPC maneuver times show the greatest variation in execution time, as
is to be expected. Since the relative node location is strongly dependent
on knowledge of the Agena's orbit orientation to the equator and Spacecraft
azimuth injection errors, re-targeting the Spacecraft to the actual Agena
orbit should reduce this time spread. For most of the simulation runs the
NPC maneuver was performed between M = 2,25 and M = 2,50, with the extremes
being near M = 2.25 and M = 2,75.

2.4.3 Maneuver Execution Errors

The maneuver execution errors obtained from the 15 noise runs did not
appreciably effect the conditions obtained after the NSR maneuver, except
for the run requiring an Agena plane change. For this case the desired AH
value was exceeded by almost 1 n. mi. more than for the Spacecraft only
maneuver cases., The Spacecraft execution errors will not seriously effect a
short duration mission, since the errors are small and are not propagated for
an appreciable length of time. The largest velocity error obtained for any of
the in-plane maneuvers was 0.7 feet/sec., including the round-off. The maximum
'in—plane AV error to be expected from a Spacecraft plane change is approximately
1.8 feet/sec., based on a plane change maneuver of 240 feet/sec. and a yaw angle
error of O,415 degrees. The AV errors for the maneuvers of each noise run can
be obtained from Tables 14,0 and 150 of Section 3.0, while the vehicle attitude
angle and rate errors for each maneuver of each noise run are presented in
Table 19.0 of the same Section.
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2.5 Tracking and Command Network Analysis
In the Gemini Closed~Loop Systems Simulation, the complete Gemini Tracking

and Command Network (Reference 10 ) is simulated, exclusive of ship locations.
The orbit determination model used in the Simulation is the TRW/STL General
Tracking Program. This program accepts noisy radar measurement data from the
tracking stations-and performs an orbit determination for each vehicle. The
vehicles! orbit fit is performed prior to each Spacecraft apogee, and prior

to each maneuver that is not executed at apogee. These vehicle state vectors
are then used as the basis for OCL decisions as to what maneuvers are required

and for all maneuver computations.

For the Study 2 error analysis mission simulation runs, it was assumed
that all radar measurements taken up to 5 minutes before a maneuver could
be used in the orbit fit to determine the vehicles' state vectors for use
in maneuver computations. Since these runs have been made, it has been
established that a much larger time interval than 5 minutes should be allowed
for orbit determination, maneuver decisions, and command generation and
transmittal prior to a maneuver (Reference 11 ). Table 6,0 presents the

time requirements specified for determination of vehicle maneuvers:

(1) Maneuver Preparation Time (tp) ~ Time interval from vehicle receiving
maneuver command to initiation of maneuver.

(2) Command Transmission Time - Time required by a command station to
transmit the required maneuver commands to the maneuvering vehicle
(t.).

(3) RTCC Computation Time — Time required by the RTCC to receive tracking
information, perform an orbit determination, determine the required
maneuver commands, encode the commands, transmit the commands to
the command site, and verify that the proper commands were received

by the command site (tRTCC).

The numbers presenﬁed in Table 6.0 imply that any tracking information
received less than approximately 30 minutes prior to a desired maneuver time
cannot be used for determination of that maneuver. Therefore, care must be
taken in interpreting the orbit determination errors presented in Tables 17.0
and 18,0 of Section 3.0, These tables present the errors obtained from the
orbit determination for each vehicle at each OCL maneuver decision time, which
was 5 minutes prior to the scheduled maneuver.
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TABLE 6.0 Maneuver Determination, Transmission, and Preparation Time Requirements

Function Spacecraft Agena
DCS Voice
t, ‘ 5 min. 5 min. 5 min.
tc 4, min, 3 min, 10 min.
(Agena requires (0° to 0° E) (0° to 0° E) (0° to 0° E)

two Command Statims
of 5 min, each)

tRTCC 25min, 20 min. 25 min.
Total Maneuver
Preparation Time 34 min. 28 min. L0 min,

The errors noted at the OCL decision times for the NH maneuver, NCI
maneuver, and NSR maneuver will be representative of theerrors to be expected
from the orbit fit with £he 30-minute preparation time requirement. The errors
5 minutes prior to the maneuver will then be dependent on the accuracy of the
ephemeris prediction program used to generate the vehicles' orbits to that
point, but these errors should not increasé greatly over the orbit determination
errors, The orbit determination errors noted at the OCL decision time for the
NPC maneuver, however,.are probably optimistic for most of the runs. Since
the plane change maneuver usually occurs within less than half an orbit after
the NCI maneuver, the 30-minute preparation time requirement severely limits
the amount of tracking data which can be used for determination of this
~ maneuver. The errors noted in Table 17.0 for the Spacecraft on runs 1, 4, 9,
12, and 14 at the NPC maneuver decision time are more representative of the
magnitude of errors to be expected with the 30-minute time requirement. Even
with these errors, however, the maneuver was performed without compromising

the capability to satisfactorily meet the desired NSR conditions.

Table 7.0 presents a summary of the M = L mission tracking and command-
considerations considering the maneuver preparation times listed in Table 6.0,
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For each maneuver, Table 7.0 presents the following information:

(1) Type of maneuver;

(2) Orbit number of maneuver;

(3) Geographic location of maneuver;

(4) Command station required for transmitting command to maneuvering
vehicle;

(5) Most recent tracking station from which information could be used
in determining the specified maneuver, according to the ground rules
in Table 6.0;

(6) Time interval between receiving the most recent tracking data and
the maneuver execution;

(7) Intervening maneuvers between the specified maneuver determination

time and the specified maneuver execution.

From Table 7.0 it can be seen that with the present Tracking and Command Network
(exclusive of ships), and the maneuver preparation time requirements of Table 6.0,
the Spacecraft NPC maneuver must be determined prior to the NCI maneuver with

no information available for updating the maneuver requirements after the NCI
maneuver. The situation is worse when the Agena is required to perform the

NPC maneuver. The most recent tracking data used in the Agena maneuver
computations will be from the previous Agena orbit, and the Spacecraft will

have performed both a NH maneuver and a NCI maneuver subsequent to the Agena

NPC computations. This condition arises primarily due to the requirement for
two command stations prior to an Agena maneuver. If one command station is
found to be sufficient, the 6,000 sec. time interval will be reduced to 3,517
sec., and only the NCI maneuver would intervene between the Agena NPC maneuver

calculations and the maneuver execution,

The possibility also exists that for a Spacecraft plane change maneuver,
tracking from Carnarvon following the NCI maneuver could be used to update the
NPC maneuver if a voice command ship could be stationed near Hawaii. However,
this possibility requires a more detailed study of the expected maneuver
determination accuracy using single station pass tracking data compared with
the maneuver accuracy determined prior to the NCI maneuver, assuming a nominal
NCI maneuver, before a definite requirement for a ship at this location can be

established.
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The data of Table 7.0 also point out the advantage of using voice commands
for the NCI and NSR maneuvers. If the voice command stations are not available,
for these maneuvers, then no capability exists to update the maneuver require-
ments after the intervening maneuvers have been performed. Iack of this updating
capability could well affect the performance of the NSR maneuver, with a resultant
degradation in obtaining the desired initial conditions for the terminal rendezvous

maneuvers.

2.5.1 Classification of Tracking Accuracy

Table 8.0 presents a set of tracking accuracy classifications and associated
orbit plane tracking errors which can be used to evaluate the orbit determination
errors presented in Tables 17,0 and 18,0 of Section 3.0. .Using the data from
these tables, the following evaluation of the tracking information available for

determination of the M = /4 mission maneuvers can be made:

NH - excellent;
NCI ~ excellent;
PG - good (with a good ephemeris prediction program);
NSR . = excellent.

TABLE 8,0 Orbit Determination Zrror Classification

Classification fu (ft) Av (ft) aw (ft) Auw (fps) ov (fps) sw (fps)
ixcellent < 250 < 1000 < 250

< 2 < 0.2 < 0.2
Good <2500 <10000 <2500 < 20 < 2 <
Fair < 5000 <20000 < 5000 < 40 < < L
Poor > 5000  >20000 > 5000 > L0 > 4 >

The u coordinate axis is upward along the local vertical.

The v coordinate axis is forward in the downrange direction.

The w coordinate axis'%s to the left in the crossrange direction.

The large values for Au are the result of a high correlation (due to the geometry
of the coordinate system) between the ; and v ?ompone?ts. The inertial velocity

error is apprcximately the root am square of Av and Aw.

2.6 Conclusions

Analysis of the M = 4 error analysis simulation runs results has led to the

following conclusions regarding the M = L Gemini rendezvous mission:
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The expected maneuver sequence, whether or not the Spacecraft is
re-targeted to Agena injection conditions, is:
NH M=1,5
NCI M= 2.0
NPC M F 2.5
NSR M = 3.0

The total Spacecraft midcourse velocity requirements in excess of the
nominal missién velocity requirements will be primarily determined by
the magnitude of the NPC maneuver and the radial velocity component
required for the NSR maneuver. The total midcourse velocity required
from the Spacecraft will be greater than 105 feet/sec. but less than
380 feet/sec.

Spacecraft maneuver execution requirements should not influence total
mission midcourse velocity requirements or adversely effect the
capability to obtain the desired relative conditions after the NSR
maneuver,

The pitch angle required for the NSR maneuver can have a wide
variation in magnitude, with either positive or negative pitch
required depending on the Agena and Spacecraft orbital parameters

at the maneuver time.

Following the NSR maneuver, the Agena and Spacecraft lines of apsides
should be aligned to within L degrees, except when the Spacecraft
pitch angle for the NSR maneuver is less than 5.0 degrees. For these
cases the apsides should be aligned to within 10 degrees.

The height difference between Spacecraft and Agena apogee and

perigee should be within 1.5 n., mi. of the desired 15 n, mi,
difference following the NSR maneuver, if no Agena plane change is
required, When an Agena NPC maneuver is required, the height
difference error should be less than 3 n. mi.

The Phase angle following the NSR maneuver should be within 0.1
degrees of the desired 1.9 degree value.

The out-of-plane angle following the NSR maneuver should be less than
0.015 degrees when an NPC maneuver is pérformed.

A1l in-plane ..aneuvers should be performed within 6 minutes of the
expected nominal maneuver execution time. Changes in in-plane maneuver
times are primarily due to injection dispersions in Spacecraft true
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A1l in-plane maneuvers by the Spacecraft can be based on good tracking
information after a prior maneuver 1if the voice command stations noted
in Table 7.0 are available,

A1l plane change maneuvers, either by the Spacecraft or by the Agena,
will be determined on the basis of tracking information prior to the
NCI maneuver and will be performed without updated tracking information
after the NCI maneuver. On the basis of the simulation results it does

not appear that this will be a serious problem.

2.7 Recommendations

The following recommendations are made regarding the M = ) rendezvous mission

on the basis of the error analysis study results.

(1)

(2)

(3)

(w)

The nominal mission sequence of events should be based on the following

maneuver seguence:

NH M=1.5
NCI M = 2.0
NPC M= 2.5
NSR M = 3.0

A fuel allowance of 380 feet/sec. should be provided for Spacecraft
midcourse maneuvers. This allowance includes 240 feet/sec. for the

NPC maneuver. ~

If the Spacecraft injection conditions are not re-targeted to the actual
Agena orbit prior to Cpacecraft launch, the mission maneuver sequence
should include the possibility of performing the NPC maneuver with the
Agéna. ‘

The voice command stations noted in Table 7.0 should be used to

command the NCI and HSR maneuvers.
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3.0 DATA TABLES

This Section conﬁains eleven data tables presenting what is considered to
be a concise compilation of pertinent mission data from the 16 simulation runs.
Since each simulation run contains over 10,000 lines of print defining each step
of the mission in detail, presentation of the complete print-out for all runs is
impractical . Should more information about the mission be desired, print-outs
of each run are available both at STL and at the Rendezvous Analysis Branch,

Mission‘Planning and Analysis Division of MSC.

3.1 Agena and Spacecraft Injection Data

Table 9.0 presents the nominal Agena and Spacecraft injection data specified
for the M = L mission by MSC (Reference 6 ). These data define the initial
vehicle orbits for thelnominal run, and also the initial orbits to which injection
errors are added to obtain the "run nominal" orbits for the noise runs. The

following nomenclature is used in the table:

MS e o
- 1 C v

tinj

ty - Time of Spacecraft liftoff measured from Agena liftoff (sec).

Xy, Y52 ~ Components of vehicle position in an earth centered, right
handed, inertial coordinate system (ECI). The system is
oriented at t = O (Agena liftoff) with the x-z plane through
zero longitude (Greenwich), and the x-y plane containing the

equator. The z-axis passes through the North Pole (feet).

A ~ Components of vehicle velocity in the ECI coordinate system
(feet/sec).

e
-
e
-

W ~ Vehicle weirht at injection (1bs).

3.2 Agena Orbit Parameters at tini + 11.0 Seconds

Table 0.0 presents the Agena orbital parameters after injection errors have
been added to the nominal parameter values at 11 seconds after Agena injection.
The manner in which injection errors are considered for the Agena is discussed
in Reference 9 . These values define the "run nominal" Agena orbit for each

of the 15 noise runs. The following parameters are presented in Table 10.0:
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R - Radius (feet)

4 - Geocentric latitude (deg)

) - longitude-Measured positive Fast from Greenwich (deg)
v - Tnertial velocity (feet/sec)

I

AI - Azimuth of inertial velocity vector—measured positive East
of North (deg)

B - Flight path angle-measured positive down from the local
vertical (deg)

T - Osculating value of period (min)

e ~ Osculating value of eccentricity

i - Osculating value of inclination (deg)

3.3 Spacecraft Orbit Parameters at 380 Seconds After Liftoff

Table 11,0 presents the Spacecraft orbital parameters after injection errors
have been added to the nominal parameter valﬁes at 380 seconds after Spacecraft
liftoff. The same parameters are presented in Table 1.0 for the Spacecraft as
in Table 10,0 for the Agena.

3.4 Relative and Mean Parameters at 380 Seconds After Spacecraft Liftoff

Teble 12.0 presents vehicle relative and mean parameters after injection
errors have been added to the Spacecraft orbital parameters. The values in
Table 120 define the phase angle, height différence, and out-~of-plane angle
relationships at initiation of the mission, together with other selected
parameters. It should be noted that the value of height difference presented
in this table is the value obtained from integration of the vehicles' orbits
to the Spacecraft apogee position, and not the analytically computed value at
the indicated time. The following parameters are presented in Table 12.0.

ep - Present value of in~plane phase angle-measured positive from

the Spacecraft to the Agena (deg)

SR - Value of in-plane phase angle at next Spacecraft apogee (deg)
8

o ~ Present value of in-plane catch-up rate (deg/ S/C orbit)

B ~ Present value of mean out-of-plare angle (also called wedge

angle, relative inclination) (deg)
6t ~ Value of mean out-of-plane angle at rendezvous — includes

effects of differential nodal regression (deg)
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AH - Difference between Agena radius over the Spacecraft apogee
and-the Spacecraft aporee radius - height difference (feet)

Q ~ Central angle from the Spacecraft to the ascending node of the
Agena with respect to the orbit plane of the Spacecraft (deg)

-~ Mean period of the Agena (sec)

- Mesn period of the Spacecraft (sec)

3.5 Mission Maneuver Seqguences

Table 13.0 presents the maneuver sequences used for each of the mission
simulation runs. The maneuver sequence for each run is defined by specifying
the OCL Operation Number defining the type of maneuver and the orbit number
(in parentheses) during which the maneuver was performed. The correlation

between Operation Number and type of maneuver is that specified in Section 1.0.

3.6 Commanded Velocity Increments

Table 1,0 presents the exact required velocity increments for each maneuver
of the mission sequence for the 16 simulation runs. These values are obtained
from the powered flight iterations performed for each maneuver. The velocity
increment which is used as the commanded-AV for the actual performance of the
maneuver in the mission simulation is the wvalue from Table 14,0 rounded to the
nearest foot/second. This round-off is done to simulate the granularity to
which the astronaut can read his velocity meter. The number in parentheses
after each value of AV defines the Operation Number for the particular AV value.
The values of AV are presented in Table 14,0 in the same maneuver sequence used in

Table 13.0. The following nomenclature is used:

1 ATY

Commanded AV - Exact velocity increment required for the maneuver. Obtained
from powered flight iteration using noisy position and velocity

date with no maneuver execution errors (feet/sec).

AVT - Total exact velocity required for all Spacecraft mid-course
Me maneuvers. This value does not include the AV used for
Spacecraft separation from the Gemini Launch Vehicle or

terminal rendezvous maneuver requirements (feet/sec).
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2,7 Velocity Increments Used for Maneuver Sequences

Table 15,0 presents the actual velocity increments used for each maneuver of
the mission sequence for the 16 simulation runs. These values will differ from
+he rounded~off commanded values due to the maneuver execution errors. The number
in parentheses after each value of AV defines the Operation Number for the particular
AV value. The values of AV are presented in Table 15,0 in the same maneuver sequence

as used in Tables 13,0 and 14 0. The following nomenclature is used:

AV Used = Actual velocity increment used for the maneuver. Obtained from
powered flight burn using true position and velocity data with
maneuver execution errors (feet/sec).

AV, - Total actual velocity used for all Spacecraft mid-course

M maneuvers. This value does not include the AV used for

Spacecrafﬁ separation from-the Gemini Launch Vehicle or

terminal rendezvous maneuver requirements (feet/sec).

3.8 Agena and Spacecraft Orbital Parameters After NSR Maneuver

Table 16,0 presents selected Agena and Spacecraft parameters immediately after
the Spacecraft performs the NSR maneuver. The purpose of the NSR maneuver is to
place the Agena and Spacecraft in co-elliptic orbits (arguments of perigee equal)
with apogee and perigee heights of the two orbits separated by 15 nautical miles.
The data of Table 16,0 are presented to reflect how well the NSR maneuver was
performed, and to show how well the desired phase angle at the M-1 Spacecraft
aporee was obtained (OR =1,9° for M= 4). In addition, the Spacecraft pitch
anrle used for the NSH maneuver and the catch-up rate after the NSR maneuver are

also presented., The following nomenclature is used in Table 16.0:

) - Value of Spacecraft pitch attitude used for the NSR maneuver -

OwW

i
)

rom the local horizontal (deg)

€L

measured positive

-

i

GR - Value of in-plane phase angle after NSR maneuver (deg)

éR - Value of catch~up rate after NSR maneuver (deg/ S/C orbit)

haA - Osculating value of Agena apogee altitude after NSR maneuver
(Nautical Miles)

haS - Osculating value of Spacecraft apogee altitude after NSR

maneuver (Nautical Miles)
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hp ~ Osculating value of Agena perigee altitude after NSR maneuver
A (Nautical Miles)
hp - Osculating value of Spacecraft perigee altitude after NSR maneuver
5 (Nautical Miles)
w, - Osculating value of Agena argument of berigeé after NSR maneuver
(deg)
wg . = Osculating velue of Spacecraft argument of perigee after NSR
maneuver (deg)
3.9 Spacecraft it Dete tion Fprors, Orbit Plane Coo t em

Table 17,0 presents the errors in Spacecraft position and velocity obtained
from the orbit determination at each OCL decision time for the 15 noisy mission
simulation runs. These errors are presented in the vehicle centered, orbit plane
coordinate system (i, ¥, %) where .

- unit vector in direction of vehicle's radius vector;

-~ unit vector in direction of angular momentum vector;

<> 2 >

=% x 1 - horizontal unit vector in direction of vehicle's motion.

The position and velocity errors are obtained by subtracting the vehicle state
vector determined by the orbit fit from the true vehicle state vector.

~ In the OCL Decision Sequencer (DS) and Guidance Decision and Command
Computations (GD & CC), maneuver decisions are based on the vehicle state vectors
obtained from the orbit determination. In order to identify the orbit errors at
these decision times, a D is used to indicate DS time and a G to indicate GD & CC
time. In Table 17.0 these letters are placed in parentheses immediately after the
value of time at which the data are being used (column one).

The second column of Table 17,0 lists the number of observation points used
in the orbit determinatidn. Two points should be made clear concerning these
data: .

(1) The actual number of observations that would be obtained in resl time
is five times the number listed in column two. The number of observations listed
in column two is based on a data rate of one observation every 50 seconds, which
is the integration step size used in the simulation. In real time the data rate
will be one observation every ten seconds., In the simulation, the radar measure-.
ment sigmas have been reduced by the square root of five to account for the reduced

data rate,
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No observations will be listed for the following entry times to the OCL:
(a) The first DS time (t = 6425), which is actually a dummy entry
and is used only to obtain an estimate of the time of first Spacecraft
apogee. The position and velocity errors at this time are obtained by
noising the vehicle's true position and velocity data by means of an
input tracking covariance matrix, and are not the result of an orbit

determiﬁation for either vehicle.
(b) GD & CC time equal to DS time,

(c) When the GD & CC time is within 30 minutes of the DS time,
For this case, both the true and noisy vehicle state vectors are inte-~
grated from the DS time to the GD & CC time and the difference then
obtained.

In Table 17,0 the following data are presented:

T(sec) - Time at which OCL decisions are being made using orbit fit
position and velocity data-measured from Agena liftoff (sec)

0BS - Number of observation points used in orbit determination

Mu ~ Up (radial) position error due to orbit determination (feet)

Av -~ Downrange position error due to orbit determination (feet)

bw -~ Crossrange position error dué to orbit determination (feet)

AG ~ Up velocity error due to orbit determination (feet/sec)

&Y -~ Downrange velocity error due.to orbit determination (feet/sec)

O - Crossrange velocity error due to orbit determination (feet/sec)

3.10 Agena Orbit Determination Frrors, Orbit Plane Coordinate System

m

Table 18,0 presents the same data as Table 17,0, except for the Agena. All
comments made for Table 18,0 also apply to this table.

3.11 Attitude Angle and Rate Frrors for Maneuver Sequences
Table 19.0 presents the vehicle attitude angle and attitude rate errors used

during each of the maneuvers of the mission sequence. The nominal values of these

parameters for each maneuver are zero, except for the plane change and NSR maneuvers.

For the plane change maneuver there will be a nominal yaw angle and for the NSR

maneuver a nominal pitch angle, The rate errors remain constant for all maneuvers
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because the static componenté of these errors, which are determined at initiation
of each run and remain constant for all maneuvers, are much larger than the random
components which are determined for each maneuver. The following nomenclature is
used in Table 19.0:

T ' - Time of initiation of the maneuver-measured from Agena liftoff
* (sec) '

OP - Operation number identifying maneuver performed

Aap ~ Pitch angle attitude error at initiation of burn (deg)

Aay - Yaw angle attitude error at initiation of burn (deg)

by - Roll angle attitude error at initiation of burn (deg)

Awp - Pitch rate error at initiation of burn (deg)

Awy - Yaw rate error at initiation of burn (deg)

bw - Roll rate error at initiation of burn (deg)
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TABLE 9.0  Vehicle Initial Conditions For M = 4

 Agena

tinj = 5,3.9745788 sec. W = 7000 lbs.

x = 10181744.25 % = 21930.65649
y = 16300970.87 7 = 1264,6.63415
VA = 10472788.50 z = 1634.741592

Spacecraft

tL = 6045 sec. W = 7555 1bs.
tinj = 64,20.657226 sec.

bd = 1,087872.0 % = 18799.406
¥ = 12990022.0 ¥y = 16964.57397
z = 9612558.0 z = 4,620.336975
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TABLE 17.0 Spacecraft Orbit Determination Errors, Orbit Plane Co-ordinates (M = )

Run No, 1
T(sec) 0BS pu(ft) av(ft) tw(ft) | M (fps) &V (fps) & (fps)
6425.0 (D) 149.1 1057.3 34L4.5 -3.132 -0.119 -0.157
g781.5 (D) |30 -8.3 -10.3 80.L4 0.050 -0.046 0.028 At%
111.82.4 (G>§ 28 -10.6 2.4 22.1 . =0.073 0.070 . 0.055 _%
14107.7 (D) | 64 33.5 -20.9 95.2 0.132 -0.060 0.032
0:107.7 (G) 33.5 -20.9 95,2 0.132 ~0.060 - 0.032
i15565.2 (G) | 8 +1280.4 688.6 2227.9 -2.133 1.61L 2.689
19,33.L (D) ; 67 61.0 -25.1 81.6 0.159 ~0.081 0.020 ?
n91:9.8 (G) | 63.1 -27.7 81.8 0.160 -0.083 0.019 ;
Run No., 2
T(sec) OBS Mu(ft) av(ft) A&(ft) M (fps) &V (fps) & (fps)
6.25.0 (D) -68.9 -1017.4 -191.7 2.756 0.502 -0.096
8881.6 (D) | 30 -8,.8 6Li.01 97.1 -0.066 0.019 0.025
11560.5 (G) | 31 2L.3 0.186 32.9 -0.005 0.055 0.088
N1,21%.5 (D) | L6 6L4.1. -55.3 76.7 0.180 —0.092 0.047
“LL214.5 (G) 6L.1 -55.3 76.7 0.180 -0.092 0,047
16271.1 (G) |10 ~365.1 -88.5 108.5 -0.527 0.050 -0.045
19539.3 (D) | 63 115.2 -54.1 71.3 0.250 -6.118 0.009
19550.0 (G) 117.3 -56.7 71.3 0.251 -0.121 0.008
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TABLE 17.0 Spacecraft Orbit Determination Errors, Orbit Plene Co-ordinates (M = )

Run No, 3

T(sec) OBS Mu(ft) av(ft) aw(ft) N (fps) &% (£ps) tw (fps)
61.25.0 (D) 73.3 -436.5 -146.7 -3.642 0.167 -0.029
8840.2 (D) | 30 -82.0 85.8 76,4 -0.080 0.018 0.030
11534.0 (G) | 31 -8.0 -8.5 8.5 -0.076 0.050 0.018
11174.5 (D) | 47 20.3 -31.7 67.8 0.124 -0.057 0.087
1117L.5 (G) 20.3 -31.7 67.8 0.124 -0.057 ' 0.087
16£17.9 (G) |12 256.2 -51.2 -196.6 0.334 -0.065 0.169
19,98.3 (D) | 61 115.5 -61.3 72,9 0.236 -ol.131 0.019
9.98.3 (G) 115.5 -61.3 72.9 0.236 ~0.131 0.019
Run No. 4

T(sec) 0BS Au(ft) Av(ft) tw(ft) Mi(fps) &7 (fps) tw(fps)
6425.0 (D) -134.2 955.7 -7.8 -1.527 -0.176 -0.157
8813.8 (D)| 29 49.1 -72.7 73.6 0.182 -0.076 0.052
11497.9 (G) | 27 -16.1 26.9 19.3 -0.089 0.074 0.060
14134.6 (D) | 52 37.6 -23.4 6.1 0.133 -0.070 0.080
11134.6 (G) 37.6 -23.4 64.1 0.133 -0.070 ' 0,080
16006.0 (G)| & |-1480.7 2166.5 1674.7 -2.932 1.872 0.636
19462,3 (D) | 61 85,2 =5549 7347 0,203 -0,108 0,031
19497.8 (G) 90.1 -63.6 7,.8 0.205 -0,113 0.028

This document contains information affecting the national defense of the United States within the meaning of the Espionage Laws, Title
18, U.S.C., Section 793 and 794, the transmission or revelation of which in any manner to an unauthorized person is prohibited by law.
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‘ TABLE 17.0 Spacecraft Orbit Determination Errors, Orbit Plane Co-ordinates M=14)
Run No. 5
T(sec) OBS Au(ft) av(ft) tw(ft) M (fps) &v(£ps) tw(fps)
6425.0 (D) 1,98.6 102.7 127.5 0.542 0.452 0.411
8659.0 (D) | 32 0.1 7.2 78.6 0.085 ~0.029 0.053
11328.0 (G) | 23 -26.5 L.l . L3 -0.097 0.055 0.021
13993.3 (D) | 61 6.6 ~14.2 1 68.2 0.091 ~0.040 0.083
13993.3 (G) 6.6 =14.2 68.2 0.091 -0.040 0,083
h6933.9 () |19 6.l -12.4 15.5 -0.048 0.046 0.072
19319.7 (D) |11 | 67.8 2.5 5.4 0.145 -0.073 0044
Q@ inv7e 67.8 2.5 55,4 0145 | -0.073 | o.ou4
Run No. 6
T(sec) OBS pu(ft) Av(ft) Mw(ft) Mi(fps) Ax‘r('fps) tw (fps)
6425.0 (D) 126.5 -662.1 9.8 -2,325 ~0.044 -0.3250
8729.6 O) 31 | -71.0 L7.3 73.6 ~0.045 0.011 0.043
11426.8 (G)| 26 -45.3 18.0. -9.6 -0,138 0,074 -0.892
14056.6 (D)| 58 32.7 -14.1 70.3 0.119 -0,061 0.078
14056.6 (G) 32.7 -14.1 70.3 0.119 -0.061 ' 0,078
164,87.7 (G)} 13 6,1 -3§.1 -26.6 -0.025 0.042 0.084
19381.8 (0)| 49 91.8 -15.2 55,9 0.197 ~0.090 0.027
@ |[15260 91.8 -15., 56.0 0.197 | .09 0.027
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TABLE 170 Spacecraft Orbit Determination Errors, Orbit Plane Co-ordinates (M = L)

Run No. 7

T(sec) OBS au(ft) av(ft) ow(ft) A6 (fps) &v(£ps) &% (fps)
6125.0 (D) | -17.9 726.7 252, -0.285 0.075 0.0L0
8852.h (D)[29 -215.9 195.7 10L4.3 -0.303 0.129 -0,004
1154L4.9 (G)|30 14.2 2.2 24.5 -0.034 0.054 0.025
14177.3 (D)]|49 14,7 =22,7 86,3 0,100 =0.060 0,052
14179.3 (G) 15.0 -22.9 86.1 0,100 -0.060 ' 0,052
16492.3 (G)|13 -34.8 -13.6 1.8 -0.106 0.012 0.05L.
19504.2 (D)|52 98.5 -38.8 71.8 0.228 -0;100 0.011
19504.2 (G) 98,5 -38.8 71.8 0.228 -0.100 0.011
Run No, 8

T(sec) | OBS mu(ft) av(ft) dw(ft) M (fps) A~ (fps) &w(fps)
6425.0 (D) -177.8 -318.5 -109.9 ~3.246 -0.234 0,010
8805.5 (D)I 30 =41 24,7 78.5 0.004 0,011 0,023
11491.7 (G)| 28 7.9 -8.9 31.3 -0.040 0.046 0.052
1,106.2 (D) | 49 8.4 -2L.0 73.0 0.093 -0.051 0.057
1,170.3 (G) 10.2 -25.7 Thel, | 0.092 -0.053 0.054
16339.6 (G) | 10 -34.9 | 34.8 42.3 -0.108 0.014 0.0L
19475.1 (D) | 53 111.0 -29.6 63.4 0.234 -6.111 0.027
ﬁ9h75.1 (G) 111.0 =29.6 63.4 0.234 0,111 0,027
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TABLE 17.0 Spacecraft Orbit Determination Errors, Orbit Plane Co-ordinates (M = 1)

Run No. 9
T(sec) 0BS Au(ft) Av(ft) tw(ft) M (fps) & (fps) &w (fps)
6425,0 (D) 8.0 -1496.3 12.0 -2,730 -0.236 0.005
el 0] 29| 7.0 -32.9 68.1 0.054 -0.054, 0.036
1148L.8 (G] 27| -22.8 16.4 3.0 -0.093 0.073 0.069
1,100.1 (O} 53 -8.5 0.6 | 78.2 0.048 ~0,047 0.091
1,100.1 (G) -8.5 0.6 78.2 0.048 -0.047 0.091
16213.4 (G) 91 -688.6 243.4 | 1053.7 -1.002 0.409 -0,019
19.26.9 (D) 64 57.4 -29.2 70.7 -0.150 Lo.oes 0.030
19.483.3 (G) 63.8 -38.2 72.1 0.153 -0.092 0.025

Run No, 10
T(sec) OBS du(ft) ov(ft) Aﬁ(rt) M (fps) & (fps) &w(£ps)
6,25.0 (D) 67.8 1551.5 -68.5 0.315 -0.090 -0.080
8860.0 (] 29| -130.9 121.9 82,7 -0.156 0.060 0.029

11537.5 (G] 29 -18.7 -0.9 -6.9 -0.086 0.068 -0.012
1,180.4 (D} 48 59.3 -45.2 77.0 0.180 -0.082 0.066
14180.L (G) 59.3 ~45.2 77.0 0.180 -0.082 0.066
165.6.0 (GX 15 -98.5 L6, 42.1 -0.223 0.06L 0.010
19507.2 (D) 60 118.6 =43.1 65.0 0,242 ;0.119 0.022
19533.0 (G) 123.6 -49.9 65.6 0.246 ~0.125 0.020

-GONHFDENHAL—
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TABLE 17.0 Spacecraft Orbit Determination Errors, Orbit Plane Co-ordinates (M = )

Run No. 11
T(sec) OBS pu(ft) av(ft) tw(ft) Mi(fps) &V (£fps) Mw(fps)
6425.0 (D) -293.4 -490.6 135.4 0.054 0.033 0.008
2790.9 (D} 30 -70.1 38.3 8l.1 -0.036 0.010 0.030

1,116.8 DX 93 263.6 -190.6 89.0 0.503 -0.238 -0.006
11116.8 (G) 263.6 -190.6 |  89.0 0.503 -0.238 -0.006
16551.0 (G} 15 -157.0 38.5 54.8 -0,238 0.171 © 0,071
19.442.1 (D)} 52 63.4 -35.5 66.7 0.178 -0.077 0.012
19445.6 (G) 6.0 ~36.0 66.7 0.178 40.077 0.012
Run No. 12

T(sec) 0B pu(ft) av(ft) dw(1t) G (fps) &V (tps) o (£ps)

6.25.0 (D] 32.6 311.7 264,..9 3.352 0.014 0.232

879..2 (D] 30 77.0 -78.2 67.4 0,220 -0.099 0.044

11463.0 (G] 27 ~L24L 13.5 0.8 -0.131 0,073 -0.051
1,116.9 (D] 56 73.9 =49.6 74.9 0.200 -0.088 0,038
14,116.9 (G) 73.9 -1,9.6 749 0.200 -0.,088 | 0.038
16168,0 (G 91 -1013,6 1334.2 2458.5 -1.758 1.228 0.329
9.44.7 (D] 54 90.6 -18.9 63.6 0.206 40.091 0.030
19476.7 (G) 96.5 -25.5 bl.l 0.211 -0.097 0.026
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TABLE 17.0 Spacecraft Orbit Determination Errors, Orbit Plane Co-ordinates (M = ))

| Run No. 13

T(sec) OBS pu(ft ) Av(ft) ow(tt) A (fps) & (tps) tw (fps)
64,25.0 (D) 143.5 -4,32.8 373.7 3.762 0.198 0.016
8787.5 (D} 31 11.4 -32.9 73.6 0.099 -0.055 0.056
11462.9 (G 28 -21.7 12.4 9.9 -0,102 0.056 0.007
14119.7 (D) 56 33,2 -9.9 70.7 0.007 0,042 0,157
14119.7 (G) -33.2 =9.9 70.7 0,007 -0,0L2 0.157
19.48.4 (D) 69 139.9 -51,7 82.4 0.268 -0.136 0.010
19448.4 (G) 139.9 -51.7 82.4 0.268 ;0.136 0.010

Run No. 14

T(sec) oBS Au(ft) Av(rt) Aw(rt) A (fps) AV (tps) M (fps)
6425.0 (D) 126,.2 36.8 21.9 2,178 0.188 -0.039
8750.4 (D) 30 27.5 ~53.0 81,7 0.129 -0.068 0.052
11,30.8 (G} 26 =36.4 =3.4 2,6 -0.126 0.055 0,071
1,075.8 (D) 59 34.9 -2L.5 79.0 0.138 -0.,058 0.046
14075.8 (G) 3u.§ ~24.5 79.0 0.138 -0.058 0.046
16136.7 (G) g | .1119.1 -2165.5 2192.1 2.931 -1,042 0.455
19401.9 (D) s 88.9 -27.8 57.0 0.211 -6.088 0,025
19401.9 (G) 88.9 -27.8 57,0 0.211 -0,088 0.025

This document contains information affecting the national defense of the United Stotes within the meaning of the Espienage Laws, Title
.5.C., Section 793 and 794, the transmission or revelation of which in any manner to an unauthorized person is prohibited by law.
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TABIE 17.0 Spacecraft Orbit Determination Errors, Orbit Plane Co-ordinates (M = j)

Run No. 15
T(sec) 0BS Mu(ft) Av(ft) tw(ft) pa(fps) &% (£ps) tw(fps)
61,25.0 (D) 311.8 959.7 -239.1 2.165 0.180 -0.397
88L5.9 (D} 29 -1lu5.4 152.7 9.4 -0.190 0.075 0.564
11528.. (GY 30 21.0 7.2 22,4 -0.027 0.0L0 0.038

1,171.0 O} 53 29.3 -20.7 96.9 0.131 -0.058 0.032
14171.0 (G) 29.3 -20.7 96,9 0.131 -0,058 0,032
17:124,9 (G L2 940 __=28,7 5,.8 0.112 0.010 0,065
19494.3 (D) 21 68.7 -31.0 5344 0.180 -;0.095 0.041

19547.5 (G) 76,2 -40,7 55.6 0.184 0,104 0,037

This document contains information affecting the national defense of the United States within the meaning of the Espionage Laws, Title

18, U.S.C., Section 793 and 794, the transmission or revelation of which in any monner to an unauthorized person is prohibited by law.
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TABLE 18.0 Agena Orbit Determination Errors, Orbit Plane Co-ordinates (M = L)
Run No, 1

T(sec) OBS pu(ft) av(ft) tw(ft) M (fps) av(£ps) tw(fps)
625,0 (D) -194.8 -85,.,0 101.9 1.708 0.184 0.487
8781.5 (D) | 154 -66.6 L6L..0 88.5 -0.332 0.02} -0.041
114,82.4 (Gi’ 49 2.7 -1.8 22,7 -0,050 0.034 0.011
1,107.7 (D) | 87 20.0 -20.8 45.8 0.105 —0.062 0,056
14107.7 (G) 20,0 ~20.8 L5.8 0.105 -o.osé 0.056
15565.2 @) | 9 | -171.8 | -163.0 1026.9 0.479 0.012 0.981
19,33.4 (D) | 100 61.5 | -56.8 72.3 0.166 -0:090 0.020
194198 (G) 63.5 =53.6 72.8 0,167 0,002 0,018

| Run No., 2

T(sec) OBS du(ft) av(ft) Mw(ft) M (fps) av(£ps) tw(fps)
6425.0 (D) -162.8 ~1010.8 252.7 1.192 -0.188 0.092
8881.6 (D) | 155 -5.6 325.8 349.2 -0.157 -0.038 -0.096
11560.5 (G) | 58 1.1 7.5 21.6 -0.057 0.040 -0,007
n.214.5 (D) | 78" 6.0 -23.2 69.1 0.086 -0,059 0.081
 Pu21h.5 (G) 6.0 -23.2 69.1 0,086 -o.os§ 0.081
16271.1 (G) | 13 195.0 -10L.5 -288,8 o,g;é -0,113 Q.118
19539.3 (D) | 102 L6.7 ~LL.3 68.2 0.153 -0;081 0.019
19550.0 (G) 47.8 -45.7 68.1 0.154 -0,082 0.019

-CONFIDENTHAL—
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TABLE 18.0 Agena'. Orbit Determination Errcrs; Orbit Plane Co-ordinates (M = )
Run No, 3
T(sec) OBS du(ft) av(ft) tw(ft) M (fps) A (£ps) tw(fps) ]
64,25.0 (D) -300.0  |1389.2 12.8 0.022 -0.069 0.109
g2,0.2 ()] 153 | - 3.5 196.5 79.7 | -0.361 0.020 ~0.049
11534.0 (G)] s WA 9.7 13.8 -0.073 0.045 0,002
1,174.5 (D)| 82 31,4 -14,0 57.6 0.113 -0,071 0,060
11174.5 (G) 31.4 -14,0 57.6 0.113 -0.071 0.060
16017.9 (6) | 16 | 14 “lbob -63., | 0.127 -0.030 0,115
19498.3 (D) | 88 117.2 -79.8 71.0 0.255 -0;129 0.015
19,98.3 (G) 117.2 -79.8 71.0 0.25‘; -0.129 0.015
Run No. 4
T(sec) OBS su(ft) av(ft) Ai«r(ft) M (fps) av(fps) & (fps)
6425.0 (D) -63.0 12,6 -42.9 |~2.880 -0.141 -0.210
8813.8 (D) | 154 -43.1 . 393.4 98.1 | 0.268 0.490 -0.033
11497.9 (G)] 49 -62,1 15.7 -13.2 |-0.152 0.070 -0.059
11346 (0)| 8u 1.3 ~9.l 91.1 | 0.071 ~0.049 ~0.00y,
“R1134.6 (G) -1.3 -é.h 91.1 | 0.0m1 -o.oué -0,004
16006.0 (G) | 9 -333.; 195.9 1325.1 |-0.413 0.358 0.338
19462.3 (D) | 99 60.5 ~27.9 76.3 | 0.153 —o.'oes 0.013
19497.8 (G) 6449 -33.6 76.7 | 0.155 -0.092 0.010
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TABIE 18.0 Agena Orbit Determination Errors, Orbit Plane Co-ordinates (M = J)

Run No, 5

T(sec) OBS su(ft) av(ft) tw(ft) M (£ps) av(fps) o (£ps)
64,25.0 (D) 114.1 -1026.3 30.6 -5.258 -0.124 0.254
8659,0 (D) | 156 —98..1+ 4549 8l.6 -0.347 0.060 -0.019
11328.0 (G) | 40 ~35.4 11.5 3.1 {-0.126 0.045 _] 0.007
13993.3 (D) | 98 22.1 -18.4 62.1 0.108 -0,056 0,065
13993.3 (G) 22,1 -18.4 . 62,1 -] 0.108 —o.osé 0.065
16933.9 (G)' 31k -1.6 | =4.0 L.9 -0.065 0.037. 0.064
19319.7 (D) | &1 63.9 8. 36.6 0.156 -O.‘O58 0.034
19319.7 (G) | 63.9 8.4 36,6 0.156 -0,058 0,034
Run No. 6

T(sec) OBS tu(ft) av(ft) dw(ft) M (fps) av(fps) Av'r(fps)?

64,25.0 (D) ~101.8 -437.1 -155.2 | 1.012 0.024 0.099
8729.6 (D) | 155 -68.2 1437.8 83.L4 |-0.309 0.029 -0.031
114,26.8 (G)' L7 -13.6 0.2 14.1 ]-0.091 0.034 0,024
1,056.6 (D) | 88 22,8 -30.0 101.4 | 0.109 -0.066 -0.005
- BL056.6 (G) 22.8 ~30.0 101.4 | 0.109 -0.0éél -0,005
16487.7 (G) | 17 lu8.6' -28,0 -52.3 | 0.202 0.027 0.175
19381.8 (D) | 88 42,3 -28.9 57.1 | 0,136 -o.'ou 0.031
19382.6 (G) 42,6 -28.9 56,9 | 0,136 ~0,071 0.031

CONFDENTHAL-

This document contains information affecting the national defense of the United States within the meaning of the Espionage Laws, Title
18, U.S.C., Section 793 and 794, the transmission or revelation of which in any manner to on unauthorized person is prohibited by law.




—GONHFDENTAL—

4160-6067-RCO00

Page L7

TABLE 18.0 Agena Orbit Determination Errors, Orbit Plane Co-ordinates (M= 1)

Run No, 7

T(sec) OBS pu(ft) bv(ft) bw(ft) M (£ps) av(£ps) v (£ps)
6425.0 (D) 82.7 -329.4 407 .4 -0.060 0.2 0.067
8852,, (D){ 151 | -27.4 339.8 86.3 -0.204 -0.016 -0.406 .
11544.9 (G; 5L 7.3 0.1 22.0 ~0.049 0.033 0.024
1,177.3 (O)} 79 12.4 -30.9 79.6 0.098 -0.065 0.026
11179.3 (G) 12.6 -31.0 79.5 0.098 -0.065 0.025
16492.3 (G)| 17 10.1 21.. 6.6 0.013 0.111 0.133
1950,.2 ()] 92 | 687 -15.9 66.6 0.173 | -0.098 0.026
19504.2 (G) 68.7 -45.9 66.6 0.173 ~0.098 0.026
Run No. 8

T(sec) |oBs | au(st) av(ft) d(st) di(rps) | ov(eps) | mi(eps)
6425.0 (D) L75.5 -1416.0 ~599.9 2.381 ~0.005 0.187
8805.5 (D) 153 -58.7 480.6 88.9 -0.347 0.015 -0.033
11491.7 (G)] 50 20.0 0.1 36.8 -0.034 0.023 0.013
16,2 (D) 85 | 32.5 -32.1 70.3 0.125 | -0.073 0.075
112170.3 (G) 347 -34.8 72.0 o.1(25 -0.075 © 0.073
16339.6 (G)] 14 | 267.6 -68.5 -202.5 0.319 -0.131 0.149
19475.1 (D)| 96 63.3 ~43.2 70.6 0.161 -0.095 0.026
19475.1 (G) 63.3 ~43.2 70.6 0.161 -0,095 0.026

18, U.§.C., Section 793 and 794, the transmission or revelation of which in
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TABLE 18.0 Agena Orbit Determination Errors, Orbit Plane Co-ordinates M=14)
Run No. 9
T(sec) OBS Au(ft) av(ft) bw(ft) M(fps) s (£ps) & (fps)
64,25.0 (D) -65.7 -634.6 153.1 -3.050 -0.045 -0.180
g78L.7 (D) | 155 ~79.4 4934 77.5 -0.371 0.037 -0,039
11.8..8 (G)' 50 -63.4 24.3 ~25.9 -0.172 9.06u -0.059
1,100.1 (D) | 86 -96.4 92.4 -101,2 -0.102 0,021 0.619
1,100.1 (G) -96.4 92.4 =101.2 -0.102 o.ozi 0.619
16243, L (G) 12 | -207.5 8.1 9L.2 -0.335 0.083 -0,001
19426.9 (D) | 97 53.9 l-z;5.9 60.9 6.151 -o.'087 0.027
19.83.3 (G) 59.4 -54.9 62.3 0.153 -0.093 0.022
Run No. 10
T(sec) 0B pu(ft) av(ft) Av;(ft) M (fps) A (fps) tw(fps)
6425.0 (D) 71.2 -472.3 -206.2 0.452 -0.039 -0.018
8860.0 (D)| 155 -28.6 343.7 90.0 -0,208 -0,015 -0.034
11537.5 (G)] 53 2.7 -1,1 34.1 -0.055 0.035 0.038
1:180.4 (D); €0 6.3 13.4 56.5 0.069 -0.050 0.053
11L180.1 (G) 6.3 13.4 56.5 0.069 | -0.050 0.053
16546.0 (G)| 18 105.2' -35.2 -31.0 0.069 -0.030 0.105
19507.2 (D)| 93 60.0 ~164¢3 63.8 0.162 -0;093 0.029
19533.0 (G) 62.8 -50.5 6L.5 0.163 -0.096 0,027
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TABLIE 18.0 Agena Orbit Determination Errors, Orbit Plane Co-ordinates M=)
| Run No. 11
T(sec) OBS pu(ft) av(ft) bw(ft) M (fps) Av(fps) tw (fps)
64,25.0 (D) 6.0 198.3 29.7 0.192 0.314 0.231
8790.9 (D) | 151 ~65.9 45646 79.4 -0.326 0.024 -0.041
14116.8 (D)f 136 .6 -95.5 73.5 0.241 -0,118 -0.012
1,116.8 (G) 9.6 -95.5 73.5 0.241 -6.118 -0.012
16551.0 (G) | 19 50,4 ~35.9 ‘—18.5 0.023 -o.ooé 0.106
19442.1 (D) | 89 65.5 ~37.7 62.9 0.165 -0.092 0.035
19,45.6 (G) 66.1 -38.2 63.0 0.1_65 -O.IOQ’% 0.035
Run No, 12
T(sec) | O0BS bu(ft) av(ft) bw(ft) M (fps) A7 (fps) ti (£ps)
64,25.0 (D) 291.3 ~645.,0 181.1 -1.176 -0.196 -0.138
8794.2 (D) | 155 -65.6 461.2 88.9 -0.327 0.024 -0.035
11463.0 (G)f 50 -30.8 | 7.7 2.5 -0.110 0.046 0,015
1,116.9 (D)] 85 0.7 0.5 6L.3 0.061 -0.051 0.076
14116.9 (G) -0.7 0.5 6L.3 0.061 -0.051' 0.076
16168.0 (G)| 11 ]| 105.1 1.3 -15.4, 0.100 0,040 0.076
19447 (D) 95 43.0 -18.0 70.6 0.128 -o.éu, 0,028
19476.7 (G) 16,6 22.0 | 7.4 0.129 .078 0,025
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TABIE 18.0 Agena Orbit Détermination Errors, Orbit Plane Co-ordinates (M = ,)
. Run No. 13

T(sec) OBS su(ft) av(ft) tw(ft) M (fps) s (£ps) o (fps) J
6425.0. (D) -199.4 399.8 328.9 1.797 -0.163 0.124
8787.5 (D) | 154 -62.4 457.2 79.4 . |-0.324 0.021 -0.035

11462.9 (G)| 50 5.6 .5 18.5 _ |-0.050 0,032 | -0,02L
11119.7 (D) | 85 53.2 -61,.0 83.4 0.165 -0,092 ~0.00L
14119.7 (G) 53.2 -64.0 83.4 0.165 —0.692 -0.00L
n9.,8.4 (D) ]108 79.7 | -59.1 73.7 -0.200 -o.ioo -0.003
9L48.4 (G) 79.7 -59.1 73.7 -0.,200 -;0.100 -0.003
Run No. 14

T(sec) OBS tu(ft) av(ft) Aw(ft) M (fps) av(fps) v (fps) |
6425.0 (D) 415,0 381.0 35.9 0.326 -0.177 -0,019
8750.4 (D) 155 -65.7 _h32.9 8L.6 -0.304 0.025 ~0.028
11430.8 (G)| 46 -20.3 0.4 -2.4 -0.096 0.035 -0.026
14075.8 (D)| @8 5.9 9.4 8l.6 0.075 ‘-0.0L;A 0.006
14075.8 (G) 5.9 9.4 8l.6 0.075 -O.éhh 0,006
16136.7 (@) | 10 | -153.0 | -8.8 33.5 -0.217 0.118 0.069
19,01.9 ()| 97 60.7 -40.5 79.2 01.152 ;0.091 0,014
19401.9 (G) 60.7 -40.5 79.2 0.152 -0.091 0.014
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TABLE 18.0 Agena Orbit Determination Errors, Orbit Plane Co-ordinates (M = )
| Run No. 15
T(sec) OBS du(ft) av(ft) dw(ft) M (£ps) av(fps) tw(fps)
64,25.0 (D) -213.2 1030.0 L72.4 =1.345 0.064 0.203
8845.9 (D) | 155 -62.8 L77.5 92.3 ~0.346 0.018 -0.056
11528.4 (G)| 55 -7.0 1.2 16.3 -0.077_ 0,035 -0,007
14171.0 (0)| 83 40.0 -33.5 _Thed 0.130 -0.081 0,041
1,171.0 (G) 10,0 -33.5 Thols 0.130 -o.oél 0.041
7L2L.9 (G) | 66 31.6 -3,0 40,2 0.008 0.036 0.046
19494.3 (D) | 49 26.8 -8.6 26,4 0.128 -6.043 0.031
19547.5 (G) 33.1 -12.9 27.9 0.130 - 0,050 0.029

This document contains information affecting the national defense of the United States within the meaning of the Espionage Laws, Title
18, U.S.C., Section 793 and 794, the transmission or revelation of which in any manner to an uynoutherized person is prohibited by law.
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TABLE 19.0 Attitude Angle and Rate Errors for Maneuver Sequences (M ;ml:l,)No. .
T(sec) OP Aozp(deé) Aozy(deg) Aozr(deg) Awp('°/sec) Awy(°/sec) Awr(°/sec)
14385.1 10 0.692 0,049 -0.062 ~0.000060 | ~0.000019 | -0.000007
15865.0 | 13 0.099 0,141 -0.031 n " "
197.6.5 21 0.276 0.10, -0,021 | " " n
' Run No., 2
11831.3 14 0.258 0.089 0,147 0.000046 |-0.000026 [-0.000010
1,480.7 |10 |-0.013 0.034 0.106 " . "
16570.9 13 0,147 '1-0.011 0.116 n " "
19812.2 |21 | 0.32 0.016 0.076 " " .
Run No. 3 '
T(sec) oP Aozp(deg) Ao:y(deg) ‘Aozr(deg) Awp(°/sec) Awy(°/sec) Awr(°/sec)
11802.7 14 0.168 -0,009 -0.063 -0.00003, | -0.000056 | -0.000008
1/465.0 10 0.781 0.473 0,094 " " n
16718.0 9 0.470 | -0.579 -0.107 0.00122 | -0.000059 | 0.000996
19793.1 21 0.452 0.043 0.098 -0.000034 | ~0.000056 |-0.000008
Run No. i
11759.0 14 -0,251 0.150 -0,008 0.000008 | -0.000008 0.000032
11410.8 |10 0.38, |-0.188 -0.082 " " "
16306.2 |13 | -0.089 0.107 0,013 : " ’
19741.7 21 0,692 0.025 -0.,028 n n n
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TABLE 19.0 Attitude Angle and Rate Errors for Maneuver Sequences (M = L)
Run No. 5
T(sec) OP Aap(deg) Aa&(deg) Aar(deg) Awp(q/sec) Awy(°/sec) Awr(°/sec)
11622.9 14 0.099 0,027 0.12) 0.000022 -0.000001 0.00004.,
1,260.3 10 0.61L -0,074 0.002 " " "
17233.5 13 0.522 -0,197 0.123 " I "
19533.0 | 21 0.666 | -0.029 0.048 n " "
Run No. 6
11696.7 1) 0,174 2,314 |-0.008 0.000015 1-0.000036 |-0,000015
14339.1 |10 0.439 | 7.066 -0.00}, " " "
16787.9 13 0.063 0.039 -0,001 n " n
19641,9 21 0.331 ~0.153 0.062 i " 0
Run No., 7 |
T(sec) OP Aap(deg) Aay(deg) 4ar(deg) Awp(°/sec) Awy(°/sec) Awr(O/seC)
11,807.0 14 0.292 0.017 0.173 -0.000002 |+0.000016 -0,000010
1 1 i
14,466.2 10 ~0.241 -0.002 0.144
16,792.3 |13 | -0.258 | 0.109 0.09% n ! n
19,727.0 21 =0.247 -0.211 0.122 n " "
Run No. 8
11,781.1 1l 0,331 0,200 -0,.386 =0,000017 1-0.000010 =.000007
14,052.2 |10 0.485 0.188 -0,228 n n "
lA,éjo.O 13 00318 00362L -00191 n " n
19,687.9 21 -0,132 0.215 -0,301 " " "

This document contains information affecting the notional defense of the United States within the meoning of the
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TABLE 19.0 Attitude Angle and Rate Errors for Maneuver Sequences M =4)
) : Run No. 9
T(sec) OP Aap(deg) Aay(deg) Aa}(deg) Awp(°/sec) Awy(°/sec) Awr(°/sec)
11739.1 1L .0.194 0.054 0.028 0.,000066 |-0.000050 0.000009
14392.6 10 -0.518 0,029 0.086 n " n
16543.0 13 0.161 0.055 0.038 " " "
19783.1 21 -0.598 -0,030 0.008 " n n
Run No, 10
11796.7 14 -0.3L45 0.180 0.467 -0,000016 | 0.000001 [|-0.000012
14LL3.9 10 -0.012 O.iZA O.5LL " " n
16816.1 13 -0.028 0,108 0.558 " " "
19827.1 21 -0.476 0,140 0.,68 " n n
Run No, 11
T(sec) OP Aap(deg) Aa&(deg) Aar(deg) Awp(°/sec) Awy(°/sec) Awr(°/sec)
14395.0 10 -0.101 0.005 0.148 0.000075 | ~0.000018 40.00004&
16851.1 13 ~0.475 0.0002 0,113 " " "
19703.2 21 -0,003 -0.15L 0.229 " " "
Run No, 12
11725.8 14 -0.841 0.024 0.048 0.000012 | -0.000057 | -0.000045
1.375.0 10 -0.631 ~0.193 0.033 " " n
16483.3 13 -0.297 0.355 -0.002 " " "
19728.7 21 -0.7,8 -0.075 0.058 " n n

This document contains information affecting the notional defense of the United Stotes within the meaning of the Espionage Laws, Title
18, U.5.C., Section 793 and 794, the transmission or revelation of which in any monner to an unouthorized person is prohibited by law.
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Angle and Rate Errors for Maneuver Sequences (M = )

Run No. 13
T(sec) OP .Aap(deg) Aa&(deg) Aar(deg) Awp(°/sec) Agy(°/sec) Awr(°/sec)
11732.0 1. -0,529 -0.361 =0.411 0.000004 | -0.000053 -0,000009
14400.0 16 -0,734 -0,068 -0,406 n " 1"
19653.2 | 21 0.08, | =0.109 -0.386 n " !
} Run No, 14
11697.0 14 0.00L -0,1,0 0.071 0.000031 0.000045 -0,000001
1.343.0 10 0.061 -0,080 0.136 n n "
16137.1 | 13 0.530 | 0.034 0.008 " " "
19652.9 | 21 0.369 | =0.305 0.089 n n ’
Run No. 15
T(sec) OP Aap(deg) Aay(deg) Adr(deg) Awp(°/sec) Awy(°/sec) Awr(f/sec)
11792.0 1.4 0.235 . 0.030 -0,022 —0.000020 0.000027 -0,000038
1u435.2 | 10 | -0.595 0.1, | -0.016 " ; ;
17724.8 13 0.735 -0.415 -0.026 " " "
19815.2 21 -0.308 0.160 -0.071 " " "

This document contains information affecting the national defense of the United States within the
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4.0 STATISTICAL (SOPFMT) RESULTS

This Section presents results obtained from the STL Statistical Output Format
(SOPFMT) program, which summarizes a number of the mission simulation results for
each run and performs a statistical analysis on selected mission parameters.,
Reference 12 presents a detailed description of the SOPFMT program. A brief
summary of the program output is presented below, together with a print-out
identification kéy. The actual SOPFMT output for the M = § mission is presented
in Table 20.0.

L.l Summary of SOPIMT Program

The non-statistical information which is printed by SOPFMT for each mission
simulation run is presented for the following mission points:

(1) Prior Spacecraft Apogee —~ This is the M-1 Spacecraft apogee and the data
presented here are obtained immediately after completion of the NSR maneuver. The
following data are presented: :

(a) Coordinates

(b) OCI - Orbit Control Information listing the Operation Numbers

of the Maneuvers performed during the mission and certain other information.

(c) 2IDV - Two Impulse Delta Velocity Information. These data are to

be disregarded in Table 20.0 due to an error in the present program.

(2) Final Spacecraft Apogee — This is the M Spacecraft apogee. Coordinate

information only is presented for this time.

(3) Prior Apogee MAC - This is the M-l Spacecraft apogee and coordinate

information required by McDonnell Aircraft for their terminal rendezvous guidance

simulation is presented for this time.

(1) Prior Apogee Plus 18 Minutes MAC - This point occurs 18 minutes after
the M~1 Spacecraft apogee and coordinate information required by McDonnell is

presented for this time.

The statistical information which is compiled from the 15 run sample consists
of sample means, standard deviations, and correlation coefficients for the coordinate
information and sample means and variances for the 2IDV information. This information
is presented in Differential Cylindrical Coordinates and Spherical Coordinates at both
the prior apogee and final apogee times., In addition, statistical coordinate infor-
mation for the MAC print is presented at prior apogee and 18 minutes after prior apogee.

-CONFDENTAL-
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L.2 SOPFMI Print Key
The following format is used in the output print of the SOPFMT':

(1) Non-statistical informsation for each of the 15 noise runs.

(Prior apogee and final apogee).
(2) Statistical information (prior apogee and final apogee).

(3) Non~statistical information for MAC for each of the 15 noise runs (prior
aporee and 18 minutes later).

(1) Statistical information for MAC (prior apogee and 18 minutes later).

The detailed print identification keys and symbol definitions for each of these
sets of datas are presented on the pages iﬁmediately preceding the SOPFMT printout.
In the statistical print the following notation is used to identify the. sample
means and the elements of the normalized covariance matrix:

m ~ Mean value

S5 - Standard deviation
pijsisj - Covariance

pi 3 - Correlation coefficient
i, = 1,2:3,l+,5’6

For the Differential Cylindrical Coordinates, the i,j indices refer to the follow-
ing variables:

1l = Ar L = bp

3 = Wq 6 = ¥As

For the Spherical Coordinates, the i,j indices refer to the following variables:

1 = Rg L= Vg
s I,
3 = XS 6 = BS

This document contoins information affecting the national defense of the United States within the meaning of the Espionage Laws, Title
18, U.S.C., Section 793 and 794, the transmission or revelation of which in any monner 1o an unauthorized person is prohibited by low.
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L.2.1 Detailed Print Keys
(PROGRAMMERS NAME) GEMINT M = (NUMBER) CASE (NUMBER)
PRIOR APOGEE
COORD ( tp) ( or) ( & ) ( we ) ( o ) ( avy)
(v‘rAS) (RS) (cps) ( g ) ( Vs) (AIS)
( Bg) (@) (@) oy ) ) (ag)
(es) (6SA) (QSA) (wSA ) ( fs) -
ocr (AVTA) (AVTS) ( EA ) ( W ) (e, - éR) (ocx )
(ocI) (ocI ) (ocr ) ( ocI ) ( ocI ) (ocI )
( ocI ) ( ocI ) ( ocr ) ( t, ) - -
21DV ( T ) ( Ale) ( L\ ) ( AV, ) ( AV,p ) ( A,y )
( Av2w) ( vy ) ( AV, ) (Av1 + sz) - -
FINAL APOGEE
COORD  ( tq ) ( &) (o) (wy ) ( ot ) (avy )
(’;’As) (RS) (cps) ( Ag ) ( VS) (AIS)
(BS)'(AR) (AR)(‘YY) (‘Yp) (as)
(eS) (BSA) (QSA) ( Wy ) ( fs) -
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STATISTICAL INFORMATION

DIFFERENTIAL CYLINDRICAL COORDIMNATES

(m,.)
(s)
(py5)
(py5)
(py))
(py5)

(916)

( my )
(p15 5y8,)
( 5, )
( Pas )
( Pas, )
( Pas )
( 926 )

SPHERICAL COORDINATES

(mRS)
( sl)
(912)
(913)
(plh)
(915)

(plé)

This documen

( By )
(P15 8;8,)
( s )
( a3 )
C ey )
( Py )
( py )

onto nformation affecting the
18, US.C,, Se! 793 d79( the iransmission

- (

noﬁonol defense

( B, g )
(p)5 & 85)
(py3 8,85)
(s )
€ ey )

Py )
€ py )
( B )
(p15 3y35)
(pgy 8,85)
(s )
€ py )
€ pys )
( py )

revelotion of which i

PRIOR APOGEE

of the U ited States wm the
unauthorize

ny manner 1o o

(p15 5135)
(925 8285)
(p,. s.8

35 7375

45 2,%5

ing of the aws, Title

ed per ois

prol hb'dbylw

(P1g 31%)
(ppg 858¢)
(P3¢ 858)
(P, 8,8)

(p56 8586)
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FINAL APOGEE

DIFFERENTIAL CYLINDRICAL COORDINATES

(my. ) n.xAD ) ( B, o ) ( m5 ) ( mAVI)
(s ) (py, 88,) (py5 8y85) (py, %8,) (py5 85)
(ep) € sy ) (ppy 8,8,) (py,, 858, (Pys 8,85)
(p13) (g ) ( s ) (py, 858,) (py5 8535)

(pps ) oy )

Crg) ooy ) C Py ) C( pe ) € pg )
SAMPLE MEAN
Oy R ) Cmg ) Um0 ;R)
(me ) gy Coy )
SAMPLE VARIANCE
<s§VTA) oy ) W) o, ) 32(%_' o)
() (S§VI+A§2) ( S§TS )
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( m, )
AS

(pyg 313¢)
(926 8256)
(936 3336)

(phé shsé) )

'(956 8586)

Laws, Title
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(PROGRAMMERS NAME)

(t

AS

(R

This document contains information offecting the national defense
18, U.S.C., Section 793 and 794, the transmission or revelation of w

( or )
(8Vns)

(o5 )

( or )

(8Veg)

(g )

-CONHFDENTIAL -

GEMINI

(ap)
(4R)

(x S)

(&D)
(4R)

Ong)

M = (NUMBER)

PRIOR APOGEE FOR MAC
(W 5)

( AR)

(v

18 MINUTES LATER

( af)

( )

( o)
( ‘i'y)

(A;)
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CASE (NUMBER)

(8v)
(¥)

( Bo)
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STATISTICAL INFORMATION
PRICR APOGEE FOR MAC

DIFFERENTIAL CYLINDRICAL COORDINATES

(m, )
()

(py,)

(913)
(plh)
(915)

(pyg)

(my )
(s)
(py,)
(py5)
(py,)
(Py5)

SAMPLE MEAN

(m
TS

( mgy )
(Pyp 5985
( s, )
( pyy )
€ opy )
( pyg )
( oy )

( mypy )
(5 85)
( s, )
( oy )
( py )
( pps )
( oy )

Ay &t prior apogee)

SAMPLE VARIANCE

(siv at prior apogee)

-CONFDENHAL-

TS

( B, o )
(py5 5;85)
(pys 5,35)
( s5 )
€ py )
( py5 )
( 536 )

( mp )
(py,, #18,)
(py, 558,
(b, 953,
s )
€ pps )
(o )

18 MINUTES IATER
DIFFERENTIAL CYLINDRICAL COORDINATES

( T, )
(p15 3y85)
(pyg 5,85)
( sy )
C ey, )
( py5 )
Y

( mys. )
(plh slsb)
(p2h s2sh)
(3, 553,)
( s, )
( PLs )
( PL6 )
(

" A
(s2

"V
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( mAVI )

(plS sls5)
(925 8285)
(p )

)

35 5335

(p,5 3,8

18 minutes later)

18 minutes later)

(Pyg 5y3¢)
(Pyy 8,8¢)
(Py 553)
(phé shsé)

(p56 Sssé)

This document contains information offecting the national defense of the United Stales within the meaning of the Espionage Laws, Title
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The following list presents the definitions of the symbols used in the print

key. The definitions are presented in the row order in which they appear in the

first key.
tT -
AI‘ -
AD -
YAS -

T -
A
5 -
A

8 -
A

Time from Agena liftoff (seconds)

\Difference in the magnitudes of the two radius vectors;

"ap" direction difference with respect to the Agena (feet)
Ar =R, - R

{ Magnitude of radius vector from the center of
the earth to the Spacecraft (feet)

ﬁg! Magnitude of radius vector from the center of
" the earth to the Agena (feet)

Arc length difference between the two vehicles referenced
to the Agena orbit plane; relative '"downrange'" distance

which is negative with the Agena leading (feet)

b = m,
8y = Osculating semi-major axis of Fgena orbit (feet)
RS . RA
8 TTR TR,
S A

Out-of-plane component of the relative position difference

between the two vehicles referenced to the Agena orbi% plane
(feet)

=5 R
Yas T YA 0 s
Unit vector pointing in the direction of the radius vector
from the center of the Earth to the Agena
Unit vector orthogonal to‘ﬁA and the instantaneous angular
momentum vector of the Agena; the unit vector points in the

general direction of the velocity of the Agena

Unit vector in the direction of the angular momentum vector

of the Agena.
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Orthogonal rirht handed coordinate system which rotates
with the radius vector to the Agena

Same as GA, OA’ QA’ but with the Agena replaced by the
Spacecraft

Difference in radial velocities (feet/sec)

N
u, -V i

ar =TVq o ug =V, o Uy

Vg =‘VSI Magnitude of Spacecraft inertial velocity
vector (feet/sec)

Megnitude of Agena inertial velocity vector
(feet/sec)

Difference in inertial velocities (feet/sec)

=V.=-V
W

I A

Component of the velocity difference between the two

vehicles normal to the Agena orbit plane (fps)

& = o ~
Mg = Vg W
See Ar

Geocentric latitude of the Spacecraft (degrees)
Longitude of the Spacecraft (degrees)

See Ar

Azimuth of the inertial velocity vector of the Spacecraft
with respect to the North Pole; positive in a clockwise

direction (degrees)

Angle from the inertial velocity vector to the geocentric
radius vector; for a flight path angle of zero degrees,

B is 90° (degrees)

Range between the two vehicles (feet)

AR = RS - RA
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Range rate between the two vehicles (feet/sec)

AR =~VS - VA
Look angle out of the orbit plane of the Spacecraft from
the Spacecraft to the Agena; positive in the direction

of the angular momentum vector (degrees)

Look angle in the orbit plane of the Spacecraft from the
Spacecraft to the Agena; positive in the radial direction
from the local horizontal plane of the Spacecraft (degrees)

Osculating semi-major axis of the Spacecraft orbit (feet)
Osculating eccentricity of the orbit of the Spacecraft

Relative inclination between the osculating orbit planes

of the Agena and Spacecraft (degrees)

Central angle in the orbit plane of the Agena between the
position of the Agena and the ascending node of the Spacecraft

(degrees)
True anomaly of the Spacecraft (degrees)

Sum of velocity increments used for Agena maneuvers up to

the time of prior Spacecraft apogee (feet/sec)

Sum of velocity increments used for Spacecraft maneuvers
up to the time of prior Spacecraft apogee - includes NSR

maneuver at prior apogee (feet/sec)

Weight of the Agena at the time of prior Spacecraft apogee
(1bs)

Weight of the Spacecraft at the time of prior Spacecraft
apogee after the NSR maneuver (1lbs)

Predicted in-plane orbital phase angle between the two
vehicles at final apogee; positive if the Agena leads the
Spacecraft (degrees)

GR -~ In-plane orbital phase angle between the two vehicles
at the time of prior apogee (degrees)
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SR -~ In-plane orbital phase angle catch-up rate at the
time of prior apogee; positive if the Spacecraft
has a smaller orbital period than the Agena
(degrees per Scacecraft orbit)

oCI _ - Number of maneuver type; presented in sequence

t, - Time from GLV SECO (seconds)

T - Angle from final Spacecraft apogee to the first impulse in
the two-impulse delta V calculation (degrees)

A - Component of first velocity impulse in radial direction (fps)

AVlV ~ Component of first velocity impulse in downrange direction (fps)

oV, - Component of first velocity impulse in out-of-plane direction (fps)

AV, - Component of second velocity impulse in radial direction (fps)

AVZV — Component of second velocity impulse in downrange direction (fps)

szw - Component of second velocity impulse in out-of-plane direction (fps)

wSA - Argument of perigee of the Spacecraft with respect to the orbit
plane of the Agena (degrees)

AVl - Magnitude of the first-velocity impulse vector required by the
Spacecraft for the two-impulse rendezvous maneuver (feet/sec)
vy = lA’\?l

AV2 - Magnitude of the second velocity impulse vector required by the
Spacecraft for the two-impulse rendezvous maneuver (feet/sec).
o, =),

AVl + AV2 -~ Magnitude of the total velocity required by the Spacecraft for

the two-impulse rendezvous maneuver (fps)
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